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O ccupational health services (OHSs) are facing important changes in their practice. This is not only the result of rapid changes in working life and work environment, but also changing health and safety concepts, attitudes, and legislation. 1, 2 The European Union's Framework Directive 89/ 391/EEC on "The Introduction of Measures to Encourage Improvements in the Safety and Health of Workers at Work" introduced new approaches in European occupational prevention. 3 The emphasis of this directive is more on primary prevention, ie, preventive measures that reduce all occupational risks. 4 Simultaneously with this shift in attitude from secondary (and tertiary) prevention toward primary prevention, the concept of multidisciplinarity has been adopted in the OHSs and legislation. 5 Historically, Belgian OHSs have been mainly focused on medical and safety aspects. Occupational physicians and nurses worked mainly in their offices performing different types of medical examinations (preemployment examinations, periodical examinations, spontaneous consulting hours, and so on) and, to a lesser extent, they were also involved in health risk surveillance at the workplace. Safety engineers dealt mainly with the prevention of occupational accidents and other safety aspects of the company. [5] [6] [7] Thus, each of these 3 prevention advisors addressed psychosocial, ergonomic, and industrial hygiene aspects according to their knowledge and inter-est. However, as a result of an increasing demand and complexity in those fields, other experts have gradually become involved. These include a specialist in psychosocial problems, ergonomists, and hygienists.
This evolution has led to a growing specialization in the field of occupational health and prevention. Safety engineers still focus their efforts on safety and accident prevention. Physicians and nurses keep their medical roles (occupational medicine). Industrial hygienists primarily perform assessments of exposures to chemical, physical, and biologic agents. 8, 9 Ergonomists study the design for human use and the optimization of human performance at work and in adverse environments. 8, 10 Industrial psychologists play an important role in exploring relationships between work and mental well-being. 11 It is clear that occupational health and safety are no longer responsibilities of the occupational physician, nurse, and the safety engineer alone. A whole team of experts is now available with one common goal: assuring the well-being of the workers. Ideally, all disciplines should work together to obtain the best result. Increased specialization might lead to a better knowledge and experience of the discipline and consequently to better analyses and advice. However, increased specialization also caries certain risks. The involvement of many specialists results in growing costs, and delays in the implementation and fragmentation of the preventive service. To ensure good quality at a reasonable price, appropriate organization and evidence-based guidelines have to be developed in the field of occupational medicine and prevention at work in general. 7, 12 We present "prevention pathways" (PPs) for a process management of OHSs. The model is based on the experience with and knowledge of the critical pathway concept that operates in the industry 13, 14 and the clinical pathway concept that has been developed in hospitals. 15, 16 First, we describe the development and important theoretical aspects of the methodology. Then we illustrate the approach by means of a case that was worked out in a Belgian OHS. The outcome is a proposal for a PP concerning chemical risks in a medium-sized plant.
History, Concept, and Definition of Critical and Clinical Pathways
Originally, the concept of critical pathways was developed in industry and was called critical path method (CPM) or program evaluation and review technique (PERT). 13 Both terms refer basically to the same concept. In brief, the critical path method breaks down a project or process into separate identifiable jobs. Figure 1 gives examples of processes in industry, curative medicine (hospitals) and prevention at work. Activities are represented graphically by arrows. The start and finish of an activity are represented by circles and are referred to as events or nodes. In industry, raw materials follow a certain route of activities through machines and processes to result in a final product (Fig. 1A) . The critical path method focuses on the critical activities and tries to increase their efficiency. These critical activities are activities, which, if delayed, cause a similar delay in the total project or process. Therefore, they require special attention to complete the project or process on time. CPM and PERT are, nowadays, used in industry as continuous quality improvement methods or project management systems. 13 Around 1985, a team in the New England Medical Centre in Boston modified and adopted the CPM technique in health care. They called it case management plans and later clinical pathways. 16 A clinical pathway is defined as a collection of methods and tools to guide the members of a multidisciplinary and interdisciplinary team toward patientfocused collaboration for a specific patient population. 15 Clinical pathways break down the caring process into different activities (diagnostics, medical treatments, and so on, often per diagnosis-related group (DRG), and define the different tasks of the different team members. The activities are concentrated on the treatment of patients or groups of patients (DRG) and are executed by different work units and specialists. At the end of the pathway, the result is a diagnosis of a disease or a cured patient (Fig. 1B) . The goal of the concept is to ensure high-quality and efficient care. Clinical pathways allow systematic planning and follow up of a patient-focused care program. 15 Initially, the pathways were used for the management of nursing care. 17 The use of clinical pathways has been extended to the whole of curative care in basically every discipline of medicine.
In the curative sector, the pathway is mostly represented as a time-task matrix (see further). The most com- mon term is "clinical pathway," 18, 19 although several synonyms can be found: care pathway, 20 -22 care track, 18 Caremap, 16, 23 anticipated recovery paths, 24 managed care plans, 20 collaborative pathways, 20 care plan, 17 critical pathway, 20, 25, 26 multidisciplinary care protocol, 27 and integrated care pathways.
19,22
The
Concept of Prevention Pathways
Reasoning by analogy with the clinical situation, we applied the CPM concept in the OHSs. The applicability of the approach in OHSs depends on the existence of processes that can be broken down into a series of activities that follow a logical and predictable sequence. As indicated previously, in the curative sector, clinical pathways describe processes according to diseases (often DRG), clinical conditions or problems. In OHS, one could also consider occupational-and workrelated disorders (eg, based on the European list of occupational diseases), occupational accidents, and health complaints as bases for developing pathways.
However, it seems more appropriate to consider occupational risks (ri). Figure 1C shows an example of a process in an OHS according to this approach. A pathway could be developed per type of occupational risk. The different specialists carry out a number of activities to assess and control occupational risks to reduce occupational risks and prevent occupational diseases (Fig. 1C) . The pathway per type of occupational risk shows the preventive activities that take place at the levels of both worker and workplace. It shows the process through the different disciplines involved. This means that the medical and nonmedical activities at worker and workplace level, and consequently the disciplines involved, are determined by the occupational risk under consideration.
Describing the process according to occupational risk offers another advantage, because this emphasizes primary prevention more adequately without losing sight of secondary and tertiary prevention. Three levels of detail for PP development can be distinguished:
• According to risk group, eg, chemical risk, physical risks, etc.
• According to chemical group, eg, polyaromatic hydrocarbons, ionizing radiation, etc.
• According to product, eg, benz [a] pyrene, x-ray.
The level of detail depends on the time and ultimate goals of the OHS for PP implementation.
Because the CPM concept needs some modifications for application in occupational health, we introduce the term "prevention pathways (PP)." Thus, PPs are defined as a collection of methods and tools to pilot the members of a multidisciplinary and interprofessional team dealing with a specific occupational risk. PPs are a means of identifying and defining the different tasks of various team members.
PPs can be seen as clinical pathways developed in and for prevention at work. However, the term clinical pathway cannot be used in this field because of some important differences between curative medicine and OHS. In OHS, one mainly deals with healthy workers to keep them healthy, whereas in curative medicine, patients are treated to cure them and improve their health condition. Although part of the activities in prevention at work are also clinical and worker-related (medical examinations, vaccinations, biomonitoring, and so on), there is an important part of the preventive activities that are executed at the workplace, which is not clinical or medical (eg, ambient exposure measurements, risk analysis, and so on). Therefore, the term clinical pathways is better not applied in this context because it would put too much emphasis on the medical aspects of prevention.
The main reasons for developing pathways in OHSs actually do not differ from those in the curative sector. 28 Like in curative medicine, PPs can be a useful tool: to streamline processes, to enhance multidisciplinary teamwork, to maintain or improve quality of service, to reduce costs, to implement best practice guidelines (evidence-based), to facilitate outcome orientation, to support active risk management and to track variances, to link guidelines and available resources, and so on. 11,12,13,15,19,21,29 -32 The aim of the PP is to improve prevention at work, which consequently should result in a better health condition of the worker and a healthier and safer work environment. PPs can then be used to organize the process of occupational risk assessment and occupational risk control through a series of activities (measurements, analyses, and so on) performed by the different members of a multidisciplinary team. Just like for clinical pathways, the time-task matrix can be used to represent PPs. The timetask matrix shows the logical sequence of activities placed along a time axis (Table 2) .
Case Study

Introduction
To evaluate the applicability of the PP methodology, a case study was designed in a Belgian OHS. The case considered the development of a PP for chemical risk assessment by a Belgian OHS. In Belgium, OHSs are called "External Services for Prevention and Protection at Work" (ES-PPW). All firms employing people are obliged to provide occupational prevention. Firms can organize an internal service; however, most firms have completely or partly (eg, occupational health surveillance) outsourced this activity to an ESPPW. The Belgian legislation (3 Royal Decrees and the Law on Well-Being of Workers) defines the practice of prevention at work in Belgium. [33] [34] [35] [36] This legislation determines the qualities and the competencies required for the service to be recognized as an official ESPPW. In 2001, there were 24 official ESPPWs in Belgium.
The ESPPWs are divided (by Belgian law) into 2 different units: a unit of occupational health surveillance (occupational medicine) and a unit of risk assessment and control. 35 The unit of occupational health surveillance consists mainly of physicians and nurses. The unit of risk assessment and control can also include physicians and nurses, but it mainly includes safety engineers, ergonomists, hygienists, and experts in psychosocial aspects. The ESPPW works together with external organizations for some activities, eg, the laboratory, for the analysis of samples of biomonitoring. Because prevention is done in and with their clients (the firms), ESPPW specialists (eg, physicians) work together with prevention specialists of the client (eg, safety engineers of the firm).
Contracts drafted by firms with ESPPWs are still mainly focused on occupational medicine. An occupational physician and occupational nurse are in charge of the health surveillance of the workers. They also carry out other preventive activities (eg, visits to the workplace, and so on). The other professionals of the ESPPW come in contact with the client mainly through additional contracts (eg, chemical risk assessment) or through support given to the occupational physician.
In this case, we tested and implemented the PP methodology in an ESPPW to deal with chemical risk in medium-sized firms. The aim was to evaluate the applicability and the value of the PP theory for the management of preventive care delivered by an ESPPW in a firm. The case study was mainly focused on the process, the determination of actors of the activities, and the time aspects per activity.
Methods
The case study took place in a Belgian ESPPW between February 2002 and June 2002. A variety of methods to develop and implement a critical and a clinical pathway can be found in the literature. 13, 15, 28, [37] [38] [39] [40] [41] [42] [43] [44] [45] Like in curative medicine, it was important to involve the multidisciplinary team in the development, implementation, and evaluation of the pathways. The degree to which a multidisciplinary team is involved in the development, implementation, and evaluation depends on the use of the Plan-Do-Check-Act cycle (PDCA cycle) (Fig. 2) . 15, 46 The PDCA cycle, with some slight modifications, was applied for the development of PP concerning chemical risk assessment. De PDCA-cycle is divided into 4 phases.
Plan Phase. The plan phase started with defining the problem (ie, chemical risk assessment). The starting point chosen for the pathway considered here is the first contact between the ESPPW and a firm for performing chemical risk assessment. The ending point of the pathway is the final report of the assessment and follow-up plan. The size of the firms is medium-sized firms with 50 to 200 employed workers. Because PPs are essentially a team approach, a multidisciplinary team was first composed. A representative was selected from each of the following disciplines: occupational physicians, nurses, hygienists, ergonomists, psychologists, and safety engineers. Every representative had experience in his field. All activities were listed and put into a first time-task matrix by means of brainstorming.
During the Do phase, information on current practice and evidencebased practice was gathered. This was done through analysis of historic data and a search of the scientific literature. The historic data analysis included risk assessments (n ϭ 10 projects), exposure assessments (n ϭ 12 projects), and biologic monitoring data (n ϭ 30 individuals). The historic data analysis was done in a regional office of the ESPPW, and only assessments and biomonitoring of the last 2 years were considered. The activities, time, dates, and results were listed in a time-task matrix. The literature and legislation search gave additional information on the activities (eg, which activity must be done according to the law and which activities can be used to reach the expected result).
The Check/Study Phase. The data from the Do phase were interpreted 15 and, based on the findings of the Do phase, the first version of the PP (time-task matrix) was adjusted. The team concentrated further on the most essential (read critical) elements of the approach. Every step was considered with the focus on the result. A complete capacity and means was worked out. All necessary application forms (eg, for laboratory tests, measurements, and so on) were collected and responsibilities were determined. A plan for the collection of data in the "Act phase" was prepared as well in this phase.
The Act phase is the phase in which the final version of the pathway is implemented. The time-task matrix is currently used to guide the actors through the process. The actors use the time-task matrix to report the difficulties and objections they meet. This information, together with an update of best practice literature, is then used for a continuous improvement of the approach. This evaluation occurs periodically after a fixed period (every 6 months).
Results
Figures 3-5 are time-task matrices
showing the PP for chemical risk assessment. The time aspects (in days) described are the result of the historic data analysis. The day number of the time-task matrix refers to the median number of days between start (on day 1) and date at which the activity was actually performed. The matrix describes the activities and mentions which discipline is responsible for the execution of the activity (eg, collection of sample, codification, and so on). The total PP for chemical risk assessment is divided into 3 main parts: initial appraisal and basic survey, detailed survey, and medical follow up with biomonitoring. Every part starts with a contract-negotiating phase between the ESPPW and client, then the contract is executed, and finally the invoice is sent to the client and payment follows. Figure 3(a) shows the activities involved in the negotiation of the initial appraisal-basic survey contract. Contracts (n ϭ 10) were drafted in half days. The size of the contracts ranged between 3 and 12 half days. The negotiation of the contract took a median of 44 days (range, 23-77 days). Figure 3(b) shows the execution of the contract (n ϭ 10). The initial appraisal and basic survey include an inventory of all chemical agents, a visit, and screening of the workplace. This results in a consideration of the likelihood of the exposure (initial appraisal) and/or a quantification of the exposure (basic survey). Part 1, considering the period between the first meeting with the client and the handing over of the report, lasted a median 308 days (range, 103-436 days). Of these 308 days, 264 days were necessary (range, 80 -359 days) for the execution of the contract.
Part 3 is the detailed survey where measurements in air were performed to obtain validated and reliable information of the exposure (n ϭ 12). There was a median of 15 days (range, 7-83 days) between the start of the measurement and the sending of the report to the client by mail (Figure 4) . Part 4 describes the medical evaluation, including biomonitoring, of the individual employees exposed (n ϭ 30). Figure 5 shows the process of biomonitoring. The whole process between medical examination with collection of urine sample and availability of the results took a median of 29 days (range, 19 -63 days). After 8 days (range, 6 -36 days), the samples arrived at the laboratory for further analysis. During this process, there is, on the one hand, a transport phase lasting median 18 days (range, 11-42 days) and, on the other hand, an analysis phase in the laboratory with a median duration of 14 days (range, 4 -35 days).
Discussion
The study case shows that the PP methodology can be applied in OHSs (ESPPWs) as a diagnostic tool to determine critical points in a preventive approach. The process of chemical risk assessment and follow up could be described. Chemical risk assessment in ESPPW is a process that follows a predictable series of activities [47] [48] [49] This confirms the hypotheses that processes describing the service can be detected in OHSs. Describing the process from the point of view of occupational risk gives the advantage that activities reducing the risks at work (primary prevention) are placed together with other activities (secondary and tertiary prevention). This makes an integral prevention visible and possible. All activities for chemical risk assessment executed by the ESPPW could be placed into a logic (time) order and presented in a time-task matrix. The presentation of the activities in a time-task matrix allowed discussion about the responsible discipline for each activity. Agreements of responsibilities were made between the team members. Those agreements make coordination possible between the different units involved.
The approach is based on the European Directive EN 689. 50 The assessment of chemical risks is a complex process in which different experts of the ESPPW and firm play a role. The approach is mainly performed by 3 disciplines: safety engineers, occupational hygienists, and occupational physicians. Safety engineers are responsible for the contract negotiation, the initial appraisal, and basic survey. During the initial appraisal, the safety engineer does not only collect data necessary for the evaluation of safety aspects (eg, risk of explosions), but also general data (eg, inventarization of chemical agents, workplace factors), which are necessary for evaluation of health risks (risk of poisoning, reproductive effects, or chronic health problems such as cancer, allergy, and so on). Before making the report of this phase, the safety engineers and occupational physicians meet for an evaluation of the data. During the detailed survey, most activities are executed by occupational hygienists. This phase includes measurements of exposure at the workplace, which require specific skills and equipment. The approach ends with medical examination and biomonitoring. This includes an important consideration of person-related factors in the risk assessment. Occupational physicians are trained for assessing those aspects.
Ergonomists and experts in psychosocial aspects have a less obvious role, and the team decided not to include them in the present approach. However, their intervention might be necessary in some circumstances. Ergonomists can assess the workplace and give advice concerning the optimal concept of the workplace, eg, the less physical effort an operator has to do, the less the respiratory uptake of a possible agent will be. Experts in psychosocial aspects can play an important role in risk communication and in evaluating stress factors associated with working with dangerous agents. The future will clarify if input from these experts is necessary in chemical risk assessment.
A frequently heard critique and fear is that working according to a defined process or procedure is rigid and reduces flexibility. However, the PP approach is not a static but dynamic concept. The PDCA cycle allows continuous adjustment and improvement of the pathway. Employees who have not followed the approach are requested to write down their comments and followed approach. This can be written down on the time-task matrix. This information is then used during the periodic evaluation and update of the PP. The experience of the actors is necessary for and facilitates the setup of an approach taking into account the common practice and its restrictions. These periodic evaluations are also used to keep the pathway updated with best practice guidelines and evidence-based approaches.
An important step during PP development is the historic data analysis. The inclusion of an historic data analysis was necessary to have a clear view of the current practice, the time and resources that these projects consume. These data can be used to evaluate the quality, cost, and efficiency of the service delivered. Quality of the OHS includes the technical quality of the total process. Process indicators such as time between activities and logical order of examination can help to evaluate this aspect. During the development of the PP, every activity was evaluated critically: Is the activity the appropriate activity to reach the goal (evidencebased)? Which activities need to be performed before the activity can take place and which activities need to follow the activity, ie, a critical look at the logical order to reach the final objective? Because the strength of the approach is in the weakest link, every step was considered with the focus on the result. Part 4 of the approach (medical follow up and biomonitoring) shows clearly how time aspects can be important for quality in OHSs. It takes a median of 8 days before urine samples arrive at the laboratory. This means that the urine samples require special storage and transport conditions to avoid evaporation of water or volatile compounds, precipitation, and adsorption. Organic compounds have a limited lifespan in biologic matrices, eg, in urine some bacteria can biotransform a variety of organic molecules. 51 Therefore, the ESPPW needs to reduce the transport time of the urine sample between collection and arrival at the laboratory or needs to provide appropriate containers to transport the samples to ensure reliable results of biomonitoring. Moreover, if the total transport time (transport time of the samples and transport time of the report) could be reduced, this would mean that results would be available sooner for the physician. Remedial actions in case of problems could then be taken earlier, which would consequently increase the result of the prevention and probably client satisfaction.
The advantage of splitting up the preventive work in activities is not only the optimal coordination and quality control of the activities, but also the fact that the cost per activity can be calculated. The costs of the whole process can be determined using a method called activity-based costing. 52, 53 In brief, activity-based costing calculates the cost of a product (here preventive service process per occupational risk) by allocating all direct costs to the process. Indirect costs are allocated according to the consumption of activities in the process and the consumption of resources (costs) of each activity. Because the origin of the costs is known, the management of the OHS can take measures to increase efficiencies and to reduce costs where necessary. Activity-based costing was not formerly performed in this study.
Nevertheless, the historic data revealed a serious inefficiency in the current practice of initial appraisal and basic survey. The actual execution of the contract required a time period of median 264 days (range, 80 -359 days). This seems to be a very long period, taking into account that in this study, only contracts of a maximum of 6 days were included. Through this, the OHS looses a potential of follow-up contracts and loses money because invoices are sent after termination of the contract. It has to be stressed that in OHS, the final outcome and the timespan will be a result of the good quality of the prevention, but also of the cooperation of the clients. Therefore, reasons for inefficiencies have to be searched in both the organization of the OHS and the cooperation with the client. It should be clear that for OHSs and for clients, it is important to receive the results of analyses as soon as possible to avoid accidents and occupational health damage. The process of biomonitoring also illustrates this, eg, results exceeding exposure limits require urgent measures. The results of the biomonitoring in the ESPPW were only available after 1 month. Knowing that 50% of this time is consumed by transport factors (transport of samples to laboratory and transport of results to physician), it seems useful for the ESPPW to try to reduce this "lost" transport time to a minimum.
In conclusion, we can state that the PP methodology is a promising methodology for continuous improvement of OHS services in different aspects, process and quality control, cost reduction, enhancement of multidisciplinary cooperation, and so on. At this stage, we can state that PPs are able to show critical points for quality and time management in OHS and help to attribute the tasks to the different work units and actors involved in the process. The development and implementation of clinical pathways in curative medicine have shown positive outcomes for patients, hospitals, and healthcare workers (quality improvement, cost reduction, increased team efficiency, improved patient satisfaction, and so on). 15,17,30,54 -59 Eventually, we can expect similar results in OHSs. However, the degrees to which improvements in the prevention process are made depend for a big part on the commitment of the OHS management. It is clear that further research and application is necessary to evaluate the possible application and outcomes of the PP concept. A follow up to evaluate the effect of this case study has been setup in the Belgian ESPPW. The follow up focuses mainly on time aspects and financial aspects.
